Introduction
The σ and κ are controversial particles in hadron spectroscopy. They were first found in the analysis of ππ and πK scattering data. Because the total phase shifts in the lower mass region are much less than 180
• and they do not fit into ordinarymeson nonets, they have been the subject of violent debates. Refs. ( [1] - [12] ) are some recent analyses that support their existence.
Evidence for κ particles comes from the study of production processes and the re-analysis of Kπ scattering data. Evidence for the κ has been found in D + → K − π + π − [8] , J/ψ →K * (892) 0 K + π − [2, 6] , and D + → K − π + µ + ν [13] . A Kπ s-wave component is found in [15] , and τ → K S π − ν τ [16] . But no evidence for the κ in D 0 → K − π + π 0 [17] or for the charged κ in D 0 → K − K + π 0 [18] is seen. The κ is found in the phenomenological analysis of Kπ scattering phase shift data ( [12] , [19] - [26] ). However, some theorists are not convinced by the evidence ( [27] - [30] ). The present status of the κ is summarized by the Particle Data Group PDG [31] .
The σ and κ particles have been studied with BES data, where evidence for σ and κ particles is quite clear ( [1] - [6] ). A neutral κ was found in the decay J/ψ →K * (892) 0 κ 0 →K * (892) 0 K + π − [2, 6] . Because of isospin symmetry, if a neutral κ exists, a charged κ should exist and could be produced in J/ψ → K * (892) ± κ ∓ .
In this study, we search for and study the charged κ in J/ψ → K ± K S π ∓ π 0 . Our analysis is based on 58 million J/ψ decays collected by BESII at the BEPC (Beijing Electron Positron Collider). BESII is a large solid-angle magnetic spectrometer which is described in detail in Ref. [32] . The momentum of charged particles is determined by a 40-layer cylindrical main drift chamber (MDC). Particle identification is accomplished using specific ionization (dE/dx) measurements in the MDC and time-of-flight (TOF) information in a barrel-like array of 48 scintillation counters. Outside of the TOF is a barrel shower counter (BSC) which measures the energy and direction of photons.
Event selection
In the event selection, candidate tracks are required to have a good track fit with the point of closest approach of the track to the beam axis being within the interaction region of 2 cm in r xy and ±20 cm in z (the beam direction), polar angles θ satisfying | cos θ| < 0.80, and transverse momenta P t > 50 MeV/c. Photons are required to be isolated from charged tracks, to come from the interaction region, and have deposited energy in the BSC greater than 40 MeV. Events are required to have four good charged tracks with total charge zero and at least two good photons.
For the K S reconstruction, we loop over all oppositely charged pairs of tracks, assuming them to be pions, and fit them to K S → π + π − , which determines vertices and π + π − invariant masses, M ππ , for the four possible combinations. The combination with M ππ closest to M K S is selected and is required to satisfy
2 and have its decay vertex in the xy-plane satisfy r xy > 0.008 m. After K S selection, the particle type of the remaining two tracks, that is whether they are A four constraint (4C) kinematic fit is applied under the K ± π ∓ π + π − γγ hypothesis, and χ 2 4C < 20 is required. Events with a γγ invariant mass satisfying
2 are fitted with a 5C kinematic fit to
with the two photons constrained to the π 0 mass, and events with χ 2 5C < 50 are selected. The π ∓ π 0 mass distribution is shown in Fig. 1(a 
After these requirements, the combined K ± π 0 and K S π ∓ mass distribution is shown in Fig. 1(b) ; the highest narrow peak is charged K * (892). The M K ± π 0 versus M K S π ∓ scatter plot is shown in Fig. 1(c) . There are two clear bands, a vertical and horizontal band, which correspond to J/ψ → K * (892)
After the above selection, the combined K S π ∓ and K ∓ π 0 invariant mass distribution recoiling against the K * (892) ± is shown in Fig. 1(d) . It is the sum of the four decays listed in Table 1 with about 1000 events for each, as listed in the table, and a total of 4121 events. In Fig. 1(d) , a clear narrow peak at 892 MeV/c 2 and a wider peak at about 1430 MeV/c 2 are seen. In addition, there is a broad low mass enhancement just above threshold. The spectrum is quite similar to the spectrum of
The biggest difference between them is that the charged K * (892) peak is much larger than the neutral K * (892) peak. The K * (892)π invariant mass distribution is shown in Fig. 1 Fig. 1 (f). The two diagonal bands correspond to the low mass enhancement combined with the 892 MeV/c 2 peak and the peak around 1430 MeV/c 2 in the Kπ spectrum. Table 1 Four signal channels and number of events from each.
Background Studies
Possible sources of background are studied. First, sideband backgrounds are studied. The π + π − mass distribution is shown in Fig. 2(a) , where a clear K S signal can be seen and the background level is quite low. The Kπ spectrum from K S side-band events is shown in Fig. 2 
5 band events is shown in Fig. 2 Fig. 1(c) . When we select one band, we will also select some events from the other band where it crosses the first band. These events correspond to cross channel background.) Fig. 2(f) shows the Kπ spectrum after side-band subtraction. The low mass enhancement and K * (892) peak survive after side-band subtraction.
Next, we perform Monte Carlo simulation to study the main physics background processes, including J/ψ → γη c → γK
The selection efficiencies are much lower than 1%, and the largest number of background events contributed is about 6. Therefore, the physics background is quite low.
Partial wave analysis
A partial wave analysis (PWA), which is based on the covariant helicity amplitude analysis ([33] - [37] ), is performed for the charged κ. We add the likelihoods of all four channels together, and find the minimum of the sum. This is the same method as used to fit
In the PWA analysis, ten resonances, κ, K * 0 (1430), IP S, K * 2 (1430), K * 2 (1920), K * (1410) and K * (892) in the Kπ spectrum, K 1 (1270) and K 1 (1400) in the K * (892)π spectrum, and b 1 (1235) in the K * (892)K spectrum, and two backgrounds, listed as the last items in Table 2 , are considered in the fit. In Table 2 , IPS (Interference Phase Space) refers to a broad 0 + structure with a Kπ invariant mass spectrum the same as phase space, that interferes with κ. K * BG refers to the K * (892) background coming from the cross channel. PS (Phase Space) refers to the background with no interference with resonances and with a shape almost the same as that of phase space. Table 2 Resonances included in the fit of this channel. Masses and widths of various resonances are determined by mass and width scans. κ (1), (2) and (3) are results given by fits using Breit-Wigner functions (1), (2) and (3) to fit κ respectively. IPS refers to the broad 0 + structure which interferes with κ. K * BG refers to the K * (892) background coming from the cross channel. PS BG refers to the background with no interference with resonances.
Three different parameterizations are used to fit the κ. They are
where k κ is the magnitude of the K momentum in the Kπ, or the κ, center of mass system [38] , and α is a constant which will be determined by the fit. Parameters in the Breit-Wigner function are determined by mass and width scans. The minima of the scan curves give the central values of mass and width parameters. From these, the corresponding Breit-Wigner pole positions can be directly calculated from equation (1), (2) and (3). Our final results are listed in Table 3 , where the first errors are statistical, and the second are systematic. The mass and width parameters obtained by different parameterizations are quite different, but their poles are almost the same, which is quite similar to what was found in the study of the neutral κ. The results for the neutral κ [6] 8 are shown in Table 4 and are consistent with the charged κ.
BW (1) BW (2) BW ( Table 3 Masses, widths and pole positions of the charged κ. In the table, the first errors are statistical, and the second are systematic. BW (1) means equation (1) is used to fit the κ. BW (2) and BW (3) have similar meanings.
BW (1) BW (2) BW ( Table 4 Masses, widths and pole positions of the neutral κ [6] . BW (1) means equation (1) is used to fit the κ. BW (2) and BW (3) have similar meaning.
Our final results correspond to the solution with the minimum least likelihood. Differences among solutions with similar likelihood values are included as systematic uncertainties. Also included are the effect of removing K 0 (1430), IPS, b 1 (1235) and K * (892)K * (892), the result of a fit with the K * (892) background level floating, and the result from a fit using direct side-band subtraction.
The masses and widths of all resonances obtained by mass and width scans are shown in Table 2 . In the fit, the contribution from K * 0 (1430) is small; its statistical significance is only 0.6σ. Because it is expected in this channel, it is included in the final solution. The Kπ mass distribution is shown in Fig. 3(a) , where points with error bars are data, and the light shaded histogram is the final fit. In the figure, the dark shaded histogram shows the contribution of the charged κ. Fig. 3(b) shows the fit for the K * (892)π spectrum, and Fig. 4 shows the angular distributions.
Branching ratio measurements
The decay J/ψ → K * (892) ± κ ∓ contributes 655 events. Monte Carlo simula-
0 determines an efficiency of 2.33%, and the branching ratio of J/ψ → K * (892)
= (1.09 ± 0.18 where, the first error is statistical, the second error is systematic, the factor 1 4 is because the events are the sum of four channels, and
is the isospin factor. In the previous study of the decay J/ψ →K * (892) 0 K + π − , the corresponding branching ratio for the neutral κ 1 is (0.52 − 0.97) × 10 −3 . The two results are consistent with isospin symmetry. The systematic error includes uncertainties from multi-solutions, from different background fit methods, and from removing some components from the fit (K * 0 (1430), IPS, b 1 (1235), and
Also interesting is the existence of the J/ψ electromagnetic decay J/ψ → K * (892) ± K * (892) ∓ . The peak at 892 MeV/c 2 in the Kπ invariant mass spectrum (see Fig. 1(d) ) comes from both cross channel background and from
The number of events from the cross channel can be calculated approximately from the K * (892) side-band structure, shown in Fig. 2(e) , where the narrow peak at 892 MeV/c 2 is clear. In the final fit, the
0 yields an efficiency of 1.25%, and the branching ratio of J/ψ → K * (892) + K * (892) − is BR = 323/2 1.25% × 5.8 × 10 7 × 1/9 × 2 = (1.00 ± 0.19 where, the first error is statistical, the second error is systematic, the factor 1 2 is because events are counted twice, 1 9 is the isospin factor, and 2 is because the data comes from two decay channels: J/ψ → K * (892) + K * (892) − → (K + π 0 )(K S π − ) and J/ψ → K * (892) − K * (892) + → (K − π 0 )(K S π + ). The systematic error includes uncertainties from multi-solutions, from different background fit methods, and from removing some components from fit(K * 0 (1430), IPS, and b 1 (1235)).
Summary
In conclusion, the charged κ is observed and studied in the decay J/ψ → K * (892) ± κ ∓ → K ± K S π ∓ π 0 . The low mass enhancement in the Kπ spectrum cannot be fit well unless a charged κ is added into the solution. If we use a Breit-Wigner function of constant width to parameterize the κ, its pole locates at (849 ± 77 2 . In our analysis, three different κ parameterizations are tried in the fit, and final results are shown in Table 3 and are consistent with those of the neutral κ and are also in good agreement with those obtained in the analysis of Kπ scattering phase shifts. Also, the decay J/ψ → K * (892) ± K * (892) ∓ is observed for the first time with the branching ratio (1.00 ± 0.19 can only be produced through J/ψ hadronic decays, which would be SU(3) symmetry breaking decays and are suppressed.
